
• Trap as much sediment as possibe in temporary or 
permanentsedmentation 

basins.• 

Maintan competed works and assure frequent nspection formaintenance 
needs.These 

princpes can be impemented by a varety of simpy constructedfacites. 
Detaied descriptions and design crteria are avaiabe in theiterature [3 Costs 

for some of the basic erosion contro aternatives arepresented in Tabe 63. 
Probem assessment and effectiveness anayses havebeen performed, in terms, 

using the Universa Soi Lossequation described in Section 5.TABLE 63. 
EROSION CONTROL COSTS PERDEVELOPED 

ACRE 4]Vegetatve measuresInta 
place¬ment 

cost,$/acre$/acre 

x 2.469 
$/haacre 

0.405 
hatons/acre 

x 

2240 

kg/haFrst 
yearmantenancecost/acreSeedng: 

seedbed preparaton 

seed 
andappcaton, 

muchng 
at 2 

tons/acreTemporary seedng by machne 
240-330 50-20Temporary seeding by hand 

335-45 50-20Permanent seedng by machne 790- 
220 50-20Soddng, ncudng seedbed preparation 

2 400-3 600 2402 900ulch, 2 tons/acreBy 

hand 20-40By machne 90-20Mechancal measuresEarth dversion 
Straw 

bae barrersSt 

basns wth earth 
dam, 

watershedarea2 

acres to 5 



both and the coection system can maximze contro of poutantsby directing them 

to treatment or disposa.Neghborhood 
AreasLitter 

contro-¬Spent 

containers from 

food and drink, cgarettes, newspapers, sidewaksweepings, awn trimmings, 
and a mutitude of other materias careessydscarded become street itter. 

Uness this materia is prevented fromreachng the street or is removed 
by street ceaning equipment, it often Isfound in discharges. Enforcement 

of laws, convenientocation of sidewak waste dsposa containers, and pubic 
education programsare just some of the source contro measures. he difficult 

to measure, thebenefits that occur are aesthetic improvement the urban area 
and reducedpolution of the urban Accordng to a recent Caifornia study [5], 
in urban areas, itter 

accumuatedat 

a rate of approximatey .8 kg/personyr (4 Of ths tota,about 0.84 kg/personyr 
(.8 appears as itter between the curbines of streets in urban areas. 

It was reported that about 2% of themateria pcked up during mechanical street 
sweeping was itter.Chemica Use Control-¬One the the most often overooked 

measures for reducing the poution fromstormwater runoff is 
the 

reduction in the 

indscriminate 
use and disposa oftoxc substances such as fertiizers, pesticides, 

o, gasoine, anddetergents.Operations such as tree spraying, weed contro 
and fertiization of parks andparkways by municipa agencies, and the 

use of 
pesticides 
and fertiizers byindivdua can be controed by increasing pubic awareness 

of thepotential hazards to receiving waters, and providing instruction as 
to properuse and appication. In many cases over-appication is the major 

problem,where use in moderation woud acheve equa resuts. The use of less toxicformuations 
is another aternatve to mnimze potentia poluton.Comparative for 

severa organic phosphorus and chorinatedhydrocarbon insecticides have been 
presented [6Pesticdes have been detected in sampes taken from severa 

urban areas wthtypical oadings, incuding between 40 and 3400 (0.00036 
to0.02 [7] Direct dumping of chemicas, ol 

and 
debrsinto catchbasins, inets, and sewers is a sgnficant probem that may 

ony beaddressed through educatona programs, ordinances, and enforcement.Street 
Sweeping-¬Street sweeping is used by most cities to remove accumuated dust, 

drt, anditter fro street surfaces, but ceaning is usuay done for aestheticreasons. 
In many neghborhoods the amount of paper toerated by the 

publicgoverns 
cleaning 

frequences [6 Street ceaning practices have been shown45 



to be an effective method of attacking the source of poution probems.Street 
ceaning 

effectiveness 
is a function of () sweeper efficiency,(2) ceaning frequency, 

(3) number of passes (4) equipment speed,(5) pavement conditions, 
(6) equipment type, and (7) pubic awareness[8, 9, 0Remova rates as 

reported in 

the 
iterature vary consideraby. In one study,the range was fro to 62 of the 

inta solids oading [ In another overal removal has been estated at 33% of 
a1 

polutants on thestreet surface [9The reatonship between concentration of 
poutants found in 

urban and street sweepng frequency n one city is shown in Figure 2 [2 Theoptmum 
nterva can be determned by evauating the trade-off of costs wtheffectiveness 

of sweepng.Studies have aso shown that the number of passes affects 
removaeffectveess [8, 7], as 

shown in Figure 22.The of vehce speed has been evauated on residua 
debris. Theoptmum forward speed appears 

to 
be wthin the range of 5.6 to 8.0 (3.5to 5.0 efficient remova [7 

8],The type of pavement affects both street ceaning efficiency and poutantaccumuation. 
he few data are avalabe, in 

genera, 

concrete pavementswere found to be ceaner than asphat streets. Poutant 
oadings for asphatsurfaces have been estimated to be 7 to 20 higher than 

for other types ofpavement [7 The type of ceanng equpment aso has an effect on 
the overa effectivenessof debris remova. Conventiona sweepers are most 

effcient at 

removinglarger 
contamination matera, leavng behind the smaler fraction. Vacuumand 

air bast vehices are capabe of removing the smaer fractions. Vacuumequipment, 
however, rapidy oses its effectiveness when pavements are wet.Ths 

type 
of equipment has asoexperienced dfficuties with dogged airhoses and fiters 

due to cay-sized partices [6 Water sprays can be usedto remove street 
contaminants effectivey; however, more frequent and sewer ceaning may be 

required. The reative effectiveness of sweepingand flushing is shown in Figure 
23.Pubic awareness of, and partcipation in, street ceaning practices 

isessentia 
for more efficient operations. Vehices parked on streets duringsweepng 

operatons hamper efficiency and 

eave deposits untouched. Signs orfyers announcing sweeping schedues may 
resut in more efficent operations[13 One study [4] has concuded that 50% 

compiance with parkngreguations yieded at best 25 of the curb swept. For 70 
to 80% of the curbto be ceaned, the compance wth parking reguations must be 
maintaned at85% or higher.46 







sods oading for different and uses [9], s shown in Figure 24. In onereport 
it was noted that as vehices trave over rougher streets, morepaicuate 
matter is shaken off. A arge portion of the soids aso comefrom cracks 

in the pavement itsef [3 In terms of poution,the optimum eve of street 
maintenance coud be determined by comparng costsof maintenance with the accumuation 

of poutants.101515POR FAIR AVERAE 
EXCELLENTPAVET 



(6) educating the pubic and operators about the effects of technoogyand the 
best management practices [6-9Cost assocated 

with sating of roadways both drect and indirect, wereestimated on an 
annua basis for the states [20 A tota annualcost of $3 biion was reported, 

of whch ony $200 milion was associatedwith sat purchase and appication. 
Other costs in the tota estimateincuded () water suppes and heath, $50 

milion; (2) vegetation,$50 miion; (3) highway structures $500 miion; 
(4) corrosion damage,$2 bilion; and (5) utities, $0 milion.Colection 

System MaintenanceThe major objective of 

maintenance 
of storm or combined 

sewer systems s toprovide for mamum transmssion of fows to treatment and 
dsposal, whieminmizing overfows, bypasses, and loca fooding conditions. This 

objectivecan be achieved by maintaining the faciities within the syste at 
ther peakcarrying capacity.The signficance of coecton system maintenance as a 

best manageentpractce 

Is that when properly applied, etraneous soids and debris areremoved 
in a controed manner and thus do not accumulate as polutant sourcesto 

be fushed into receivng waters under storm conditions.The basic part of a 
mantenance program s regular inspection of the system.Specfic 

tasks incude: () mantenance; (2) ceaning (bothdeposts and root infestations) 
and fushing of pipes; (3) remova of excessshrubbery, debris, and sit 

from food control channes and ditches; and(4) contro of infow and infitration 
sources.Catchbasn catchbasin is defined as a chamber or wel, usuay 

buit at the ofa street for the admssion of 
surface 

water to a sewer or 

whichincludes at its base a sediment smp designed to retan grit and detritsbeow 
the point of overfow. The distinction is made between asdevices which 

intentionay trap sediment and storm inets which do not havesumps and as a 
result shoud not retain sedment.Historicaly, the role of catchbasins was 

to 
mnimize sewer dogging bytrapping coarse debris and to reduce odor emanatons 
from ow-velocity sewersby providing a water 

sea. 

ith improvements in stret surfacing andattention to desgn for 
sef-cleaning 

veocity in sewers, their benefits wereconsidered margina as far back 
as 

1900 [2 Despite the purported reducedneed, catchbasins are stil 
widey used.The area drained by a singe basin is highy variabe, averaging 0.63 

ha 
(.56acres) in states with heavy and 0.88 ha (2.7 acres) in a states[22Catchbasins 

receve poutants through the 
of 

street surfaces anddeiberate dumpings of eaves, grass cippings,150 



pet etc. Survey resuts from sampings from severa basns [8, 23]sho a wide 
range of potential poutant oadings in the retained iquid. Forexampe, sampes 

from 47 basins in San Francisco showed COD variations from53 to 37 700 mg/L, 
a BOD range of 5 to 500 and tota nitrogen, 0.5 to8.2 mg/L. ormaizing the 

data 
by castng out the extremes and averaging,the characteristics reduce to: 

COD, 6400 BOD, 0 mg/L total nitrogen,8 and tota phosphorus, ess than 0.2 
mg/L.Using these averages, the approximate BOD5 

poutant 
oad hed in a basincomputes to 0,08 kg (0.18 b, or the equivaent waste 

discharged by oneperson in one day. A rainfal intensty of 0.025 to 
0.050 (0.01 to 0.02 astng 4 hours is suffcient to displace 90% of the iquid 

contents ofa [24 Thus, for a city the size of San Francisco, even minorstorm 
may discharge the equivaent of 25 people through thepurging of If not 

intercepted, ths is equivaent to reducingthe net dry-weather pant effectiveness 
by 3% on the day of the storm.Countering this negative impact is the 

remova of poutants associated withthe soids retained n the basin. 
Sartor 

and [7] have identifiedpoutants in street surface contaminants associated 
by partcle size in thedry state. Using hydraulic modeling analyses 

(approximate mode to prototypescae ratio of to 3). Lager, Smith, and [25] 

have reportedcatchbasin remova efficiencies as a function of basn geometry, 
influent solids gradation, and accumulated soids from prior events. Fromthese 

data, preferred design criteria were recommended for new construction,as 
shown in Figure 25. The performance of the recommended basin under 

agraded oad is shown in Figure 26. The impact of accumuatedsediment in the basn 
dd not materiay affect remova effciencies until 50%of the sump had 

filed. Under further oads the removas dropped rapidy.Negative efficiencies 
were experienced before 60% of the sump had filed.Tota accumuatons by partice 
size at the pont of breakthrough are shown inTabe 64. In the estimates 

of the poutant load, it is assumed that 50of the street contaminants 
remain with the solids and that the baance goesinto soution.If only haf of the 

avaiable street contaminants in an urban area reach acatchbasin in a typical 
storm, approximatey 0.24 kg (0.53 b) of coudbe retained [25 This benefical 

retention is 

approximately three tmes theadverse purged poution computed above, provided 
tat the basin is wedesigned and mantained.Cleaning methods fa into four main 

categores: hand cleaning, bucketcleaning ceann, and vacuum cleaning. 
Comparison 

of PA surveydata [22. 23] from 959 and 973 shows that, on nationa 
basis, the medianceaning 

frequency has decreased from twice per year in the earier survey 
toonce per year at present. This trend is obviousy detrimenta from a waterquaity 

aspect and lustrates that many probems assocated wth catchbasinsmay be 
traced to inadequate maintenance.In general, catchbasins should be used ony 
where there is soidstransporting deficiency in the downstream coection 

sewers 
and drains or atspecfic stes where avaiabe surface solids are unusuay 

abundant (such151 





as beach areas, construction sites unstabe embankments, etc.). 
Theadvantages to be considered in the conversion of existing toinets are () 

a direct reduction in the "first flush" polutant oad, (2) areducton in required 
maintenance, and (3) the opportunity to reaocate theconserved abor. Where 

catchbasins are required, the recommended ceaningfrequency shoud be 
adjusted to imt the sediment buildup to 40 to 50% of thesump capacity [25 but in 

no case ess than once per year.TABLE 64. 

EXPERIMENTALEFFECTIVENESS 

OF CATCHBASINS% 
of apped Equvaent Partce 

sze, 

sods retaned removed, 
%0 00.10-0 250.26-0.840 85- 02.0Tota0 00 



TABLE 65. CLEANING COSTS 
FORCIRCULAR SEWERS 

[26]Ppe 

sze, n. Cost, $/ft6-0 

0.30-.302- 
0.352.252-24 

0.70-4.2530-36 
.5-6.80In. 

2,54 

cm$/ft 3.28 /The ceaning of 
arge 

sewers and nterceptors nvoves some unique probemsbecause sudge bankets 
severa feet deep can accumuate. The remova ofthese sudges can be pursued 

in 
severa ways. In Boston, manhoemodifications to eistng manhoes 

were made to provide access to 3970 (3 000 ft) of a 1.53 (5 ft) diameter 
interceptor containing an estimated3030 m (4000 yd of sudge. A 0.38 to 

0.77 
m (0.5 to yd bucket was used with wnches to drag the sudge from the 

sewer.Remova of the sudge costs approximatey $46/ ($35/yd The tota 
cost ofthe project was estimated to be 37.70/ ($.50/ft) of sewer [27Sewer 

Fushing 
Fushing of sewers on reguar basis can ensure thecontinuing 

capabiity 
of sewer ateras and interceptors to carry their designcapacity 

as we as aeviate soids buildup reducing soids to overfow.Sewer fushing can 
be 

partcuary beneficia on sewers with very fat sopes(i.e., too flat for 

average 
fows to maintain sand and grt partitheir associated contaminants-in 

suspension at a times). If a modestyarge quantity of water is discharged through 
these flat sewers periodicay,sma accumulations of soids can be washed 

from the system. This ceaningtechnique is generay effective ony on freshy 
deposited soids.Interna automatc fushing devices have been developed for sewer 

systems. Aninfatabe bag is used to stop fow in upstream reaches 

unti a voume capableof generating a fushing wave is accumulated. When the 
correct voume isreached, the bag is defated with the assistance of a vacuum pump 

reeasingimpounded water and ceaning the segment of sewer [28The fushing 

wave wi be attenuated by wa friction and other interna pipeirreguarities and 
has imited usefuness. It s estimated that 

approximatey370 

m (200 ft) of sma and medium diameter sewer coud be flushed by asinge 
flushing station.For 46 to 6 cm (8 to 24 in) pipes, an automatic fushing station 

capabe ofbeng instaled in an existing manhoe woud cost approximately 
$6000. Thisstation would 

require routine inspection (once a month). It woud have anestimated annual 
operating cost of $500 and woud consume approximatey $50worth of power annually.54 



Dranage Channel Maintenance Maintenance of food control channes can covera wide 
range of ceaning tasks. Debris to be removed ranges from trash,garbage, 

and yard trimmings to used tires and shopping carts. Currenty, veryittle 
cost data are avaiabe on the maintenance of food contro channes.A imted survey 

of West Coast food contro districts indicates that the costfor maintenance 
of 

flood contro faciities range from 2.50 to $5,75/near ($0.75 to $.75/near ft) 
foot) of facity. This cost woud be affected bythe size of channe, the type 

of channel lining, and the access to thechanne. Other faciity maintenance 
costs are shown in Tabe 66,TABLE 66. OPERATION AND MAINTENANCE 

COSTSFOR FLOOD CONTROL FACILITIESI 
teFactor-yeary costConcrete 

structuresGates 
and steel 

structuresLeveesRprap 

sopes sopesChanneRoads 
and 

Interor 
dranage 

factiesUndeveloped 
Q. 

of frst cost 5 

of frst costS960 6/ft 
heht-m$70/ft 

heghtm44/ft 

heghtmS320/$4002 
of 

frst cost50 of 
deveoped bank cost/ft 

heghtmi 
2.038 / 

heghtkn$/ x 0.622 

Infow 

and 
InfitrationThe 

entering 
of extraneous fows nto 

a ewer can be generay categorized aseither nfow or 

infitration. 

Infow usuay occurs 

from surface viaroof connectons, cross connections between sanitary and 
storm 

sewers; yarddrains, or fooding of manhoe covers. Infiltration usuay occurs 
by waterseepng into the pipe or manhoes from eaky joints, crushed or coapsed 

pipesegments, eaky latera connections, or other pipe faures. By 
reducingeffectve coection system and treatment pant capacities extraneous fowsmay resut 

in unnecessary poution.The ocaton and assessment of infow-infitration 
sources have been discussedat ength in recent iterature [26. 29 The cost for 

an evauaton survey todetermine the 

magnitude of inflow/infitration ranges from $3.60 to $7.70/($.0 to $2.35/ft) 
of sewer (974 doars).Some of the most common sources of infow are summarized 
in Tabe 67.Estmates are given for the fow contributed from each source and 
the cost ofeiminating that source are aso 

given.55 



TABLE 67. REHABILITATION COST ESTIMATESFOR 
INFLO 



• Deayng runoff and stretchng out the polutant oadng over aperod 

of time enhances the abity of the stream to assimiatepoutants.• 
Panned 

storage 
can be used to keep ranwater from runningoff urban surfaces 

that are sources of polution, such asurban streets.• The decreased 
veocity of storm 

runoff caused by detaining peakfows wi resut in less channe 
erosion 

in natura streams andearthen conduits. The ower velocities 
aso mitigate the impact onorganisms iving in the stream.• If peak 

of stormwater through combined 

sewers can becontroed, the overfows of heaviy pouted combined 
sewage can bedecreased or eiminated.• Detention of stormwater in a pond 

for any period of time 

wil result n some setting and thus may decrease the oading ofthe outet 
water. Some bioogca stabization may aso occur.The precipitation/infitration 

process is the most mportant method ofrepenishing 

the 
reservoirs that serve as potabe water suppiesfor many areas of the 

country. The decreased infitration and ncreased waterdemand caused by 
urbanization 

stress groundwater suppies unless rechargeareas are set aside as 
basns deveop. Athough arge-scae urban stormwaterrecharge programs have not been 

implemented because of potentia groundwaterpolution, onsite retention and 
recharge has been deveoped for smawatersheds. Retention basins are usuay 

varabe-depth 
ponds designed withno outet or ony a bypass for eceptionaly 

high flow cndtions.Retention is also practiced as controed onsite storage 
where 

groundwaterrecharge is not important. In a typica eampe, the 

California Division ofHighways has but retention basins to dispose of hghway 
runoff in the San Vaey. These basns were deveoped from 0.4 to 2.4 ha (1 

to 
6 acre)depressions that had originay been embankment materia.Infitration 

capacity is sometimes mproved by excavating .8 to 3. (6 to10 ft) deep 
trenches 

or vertca drains and with porous materia.Maintenance is minimzed 
by providng ow-velocity channels ahead of thebasins to hep sette suspended 

partices. The areas are scarified once ayear to decrease the surface cogging 
effects of organic soids.The aternative to retenton is to construct sewers 

to carry the runoff toacceptabe receivng aters. Therefore, the economc 
advantages depend on theength of sewer that woud be required. 

Additiona 
advantages of the pondsincude tota containment of the highway runoff 

poutants and therecreatina asset to ocal cities that can landscape the basns 
as additionaparkand.Detenton In its simpest form, detention means 

capturing 
andcontrolng the reease rate to decrease downstream peak 

fowrates. Onsitedetention uses smple ponding techniques on open areas where 
stormwater 

can 

be57 



accumuated without damage or nterference with essentia activties. Thedesign 
essentias incude a contained area that aows the to pondand a reease 

structure 
to contro the rate at which the is aowedinto the drainage system. The 

reease structure is usuay a simpeconstruction, such as a sma-diameter 
pipe draning basn or an orificepate paced at sewer inet. The 

capacity 
of the pipe or orifice imits the to a eve acceptabe to the downstream 

system where the depth ofpondng has to be mted, the reease structure w have 
an 

automaticoverfow to prevent ecessive ponding.Surface ponding is the 
most common form of detention beng used 

by deveopers.In most cases the faciities are carefuy panned so that the ponding 
area isa dua-use facility that enhances the vaue of the site. Varabe leve 

pondshave a permanent water eve during dry weather and increased hoding 
capactyduring 

storm conditions. The permanent akes have aesthetic and recreationaappea 
which increases ot vaues. Basins that are dry between storms areoften 

designed to be used as baseba fields, tennis courts, and genera openspace. 
Parkng ots can be made to serve as ow-depth storage ponds bysoping the constructing 

drain outets Side slopes are restrictedto about 4 percent for 
traction the winter, and the pond depth is imitedby the need for peope to 

reach their vehices. Obvousy, a truck terminaot can be aowed to pond to a 
greater 

depth than a supermarket ot. Theeconomic aspect of surface ponding is 
derived from the savings over aconventional sewer project. Severa surface 

ponding sites are listed in Tabe68. cost comparison is aso made 
between a drainage system using surfaceponds to decrease peak fows and conventiona 

storm sewer construction.Greater benefits are obtained if the poution 
contro aspect is considered.TABLE 68. SURFACE PONDING [30]Cost estmate, 

$SteDescriptonWth surfacepondngWithout surfacepondingEarth City, 
MssourConsodated 

St. Lous, MssouriFt. 

KentuckyIndan 

Lakes 

Estates, IlinoisA panned 
comunty 

ncuding 2 000 
000 5 

000 
000permanent 

recreatona 

akeswth additona 
capacity forstorm 

fowA 

truckng termina 
usng 

ts 5 000 50 000parking 
lot to detan 

stormfowsA 

mtary nstaation usng 2 000 000 3 370 000ponds to decrease the requreddranage pipe szesA resdentia 
deveopent 

200 000 600 000using ponds and an existngsn 
drain58 



Two variations of detention that have proven successfu for metropoitanappication 
are pondng on paza areas and ponding on roof tops. Bothtechniques 

have been pioneered at the Syine Urban Renewa Project in Denver,Coorado 
[3 The basc approach 1s the same for other forms of detention.The outet from 

the ponding area must be constructed to aow toaccumuate urng peak 
storm condtons. The depth that can accumuate onpazas must be imited to 

approxmatey .9 cm (0.7 in.) because ofpedestrans, but it is posse to 
desgn 

pazas so that portions can beflooded without inconvenence. A depressed 
paza secton in Denver is shownn Fgure 27. Roof tops in metropotan areas 

provide an exceentopportunty for detenton. Host are fat, watertight, 
andstructuray designed to take oads greater than that of ponded 

stormwater.It adds very litte to the cost of a new building to ensure 
structuraconditions for ponding. Detention 1s controled by a smple drain ring 

setaround the roof drains. As the roof begns to pond, fow is controed 
byorifices in the ring; extreme flows overfow the ring to prevent structuradamage 

to the roof.Figure 27, Depressed plaza ponding, Denver, Coorado.Design 
acceptabiity of 



access. Typica safety features incude shaow bank sopes and 
outetguards.Maintenance 

Debris remova, care for the andscaping, and maintenance of theoutet 
structure are a part of the routine operation of a detentionfaciity.Mosquto 

breedng 

ana algae growth Both mosquito and agae probems can beeiminated from dry 
basins by ensuring that the areas dry out competeybetween uses. For permanent 

ponds, these problems are more dfficut tocontro. Mosquito breeding 
can be upset by controng grass at theshoreine, varying the water 

depth every few days, or stocking the ponds witharvae-eating fish.Land area 
required The best way 

to overcome objections to and set aside asa detenton pond to recognize that 
the area can be an asset as open space.Housing near and pond areas usuay 

has a higher market vaue ifthe open space is aestheticay desgned.Poor appearance 
f dry ponds Detention ponds are most 

presentabe when agrass cover kept on the basn sopes and foor. Grasses 
can be grown thatwi withstand periodic flooding. If retention basins contain 

water for ongperiods of time or need to be vegetation-free for better 
infitration,appearance objections may be overcome by sight barriers such as 

trees.Respnsbiity of ownership In most cases the responsibities of 

operatonand 
ownership shoud be assumed by a pubic agency. The equpment, manpower,and 

epertise required for operaton and maintenance is beyond the abiitiesof 
associations and deveopers.LEGISLATIONSpecia egislation is necessary to 

impement many best management 
practiceseffectivey. 

Laws, 

ordinances, and agreements wi simpify the process ofdraning upand areas 
with a mnimum of food damage and polution. Theaternative, civi suits and 

tort 
aw, becomes amost unworkabe whenthousands of property owners are 

involved. The smpest form of egisation,and the form enacted n most urban 
areas, provides for pubc worksauthorty to buid and maintain drainage 

system to transport to amajor receiving water stream. The authorty is 
funded or empowered to raisemoney and aowed to acquire property or easements 

for the system.In most cases, the food contro or dranage authorty succeeds 
in meeting itsprimary objectve, quick remova of by channeng 

runoff 
intoarge concrete conduits and dischargng at a pont downstream from the 

newyurbanized area. Some major difficuties can deveop from the mpementationof 
the typical runoff system.. The combnation of generay impervious urban 

area and a systemdesgned to remove runoff as qucky as possibe increase 
foodpeaks in the recevng stream. 

Ths ncrease may be dsastrous fordownstream residents.60 



2. Urban has the characteristics of a weak sanitarysewage and consequenty 
there is a growng realization that sometype of treatment 

shoud be required before discharge into sensitivereceving waters. Since 
many colection and treatent componentsare necessariy sized on 

the basis of the peak rate of fow, itwoud be cost effective to 

decrease both runoff peaks and voumes.3. The common growth pattern 

for an urban area consists of an odercity on the banks of a receivng 
stream with suburban areasdeveloping on the perimeter of 

the city. These newer suburban townsmust often drain through the 
original city to the stream. Asidefrom probems, the ncreased fow 

w tax thecapacity of the ctys system n highly deveoped areas 
whereconstructon to increase capacity is dfficut and 

expensve.One 
soution to these probems s drainage basn egsation 

requirng 

that changes be kept at a mnimum durng deveopment. If the rainfaand 
runoff poutants are contained at the source, the downstream probems aremitigated. 

Legsaton to accompish the contanment is more compex andcontroversia than 

common dranage aws. At a minmum it wi require that apercentage of the 
land 

be eft undeveoped and dedicated to ordetention basns. The egsaton may be 

very controversia if t severeyrestricts the ways in which prvate and can 
be deveoped.General ConceptsThe deveopment of a runoff poicy requires that 

a egisatve authorityrepresenting the drainage basin (usuay 

a county or 

state) 
study the probemsof the basin, formuate objectives and outne 

methodology 
for meeting theobjectives. The actual engineering nvolved in detaing the 

methodoogy isusuay deveoped in a manua of reguations by the pubic works 
authoritydesgnated to enact or enforce the egislation.The probems that must 

be 
defined wil vary by basin and receving water butgeneraly fal nto the 

categores of food protection, poution 
abatement,erosion 

control, and protecton. The objectives of theegsation wi incude some 

of the foowing points:• To protect the pubic heath, safety and wefare• To 
define responsbiity for a aspects of the problem, i.e., wisoutons be 

deveoped by cities, deveopers, or private andowners?• 

To authorize adminstrative and/or pubic works 

departments 
toimpement the egsaton• To impement the most equitabe and 

cost-effectve soution to theprobem• To protect the receiving water• To 

conserve for benefcia use6 



• To contro deveopment in the food pain• To 

provide a basis for future deveopment by considerng areas wheregrowth 
shoud be controled or encouragedThe 

objectives 
have to dea with future condtions as wel as the present andin fact 

egisation is more successfu in preventing future probems than insovng existing 
ones.The basic 

methodoogy 

is the containment of a or part of the andpoutants at or near the 
source. The options for accompishing this wi beiustrated by eampes of programs 

in severa areas. The choices mayinclude:• Reguations requiring that 
the rate 

or voume of runoff afterdeveopment be the same as eves• A 
program 

by a municipa authorit to bud upstream 
detention 

orretention faciities• Reguations prohibiting construction in 
natura ponding areas 

orf• A system for runoff contro taxes that are prorated according 
tothe 

amount 
of runoff generated from the property• Erosion and sediment 

contro ordinances designed to prevent sooss 
especiay 

during construction activities• and discharge ordinances that 
prohibit the use ofchannes and systems to 

dispose 
of refuse, motor oi, andother foreign materaThe methodoogy 

shoud be presented in the legisation to give a cear mandateto the 
impementing authority. 

However, 
it is not necessary to give specificdesign reguations for engineering 

soutions requred. For eample, it ispreferable to require that runoff not exceed 
historic rates for the 0 yearstorm rather than mandate a certain size 

retenton basin. The former casew aow the andowner or municpaity to deveop the 
best engineeringsoution for the indvdua ste.The egisation can take any 

of severa forms dependng on the authority andobjectives of the egisative 
body. Exampes woud incude 

muncipaordinances 
food contro ordinances, buiding codes, zoning pans,subdivision 

reguations, sewer and drainage fee assessments, or openspace pans and 
poution contro ordinances.Example ProgramsA summary of ten innovative 

programs as reported in the iterature [30, 32] spresented in Tabe 69.162 



TABLE 69. SUMMARY OF LEGISLATIVE 
MANAGEMENT 

PROGRAMSLocatonDescrpton 

of egsatonDenvr UrbnRenewa 

Authortye,1 

InosAbuquerqueetropotan 

FoodContr 

Authorty 

ColoradoBouder, 

CooradoSantary 
Dstrctof Greater Chcgoontomery 

County,MaryandFrfax 

CountyVirgnaSprngfed,Requres 

prvate deveopers 
to pond ranfa 

on rooftops and 
in pazas 

of alnew and 
renovated 

constructon 
The 

desgn 

crtra for pazas require arunoff rate of n and a water depth of 0.75 n. 
durng the 0 year ran.The vaues for roftops are 0.5 and a depth of in. 
for the 10 yearstorm or 3 n. durng 00 year ran.Pumbng, swer, and Mater ordnance 

requrng that reease rate bergulated by the safe capacty of the recevng 
water, but no more than0.15 Storage 

must be desgned for th 00 year storm. The ordnances appcbe to al new subdvsons and copance is requred for approvaof deveopment permts,Ordnance smar 
to that of Requres runoff to meet a varety ofcrtera; ) runoff rate sha 

not exceed historc vaues, 2) alowabe run-off rates arc prorated on the bass of stream capacity, and 

(3) runoff rateshal not eceed that of 2 year storm wth a runoff coeffcent of 
0-3 unessfactes can handle the fow. The ordinance 15 enforced for 0 acre res¬denta areas and 5 acre nonresdent throuh the issuance ofbudng perts.Requires 

detenton for new deveopments such that downstreamdranage facity cpacty Is not exceeded or th rate of runoff does notexceed the natura rate of fow. 
Compance s requred for budng permtsand subdvson apprva. In addtion, a land 
use not 

compancecan 
be sued as a pubc nusance.Requres detenton for runoff greater than rates for newconstruction. If a deveoper chooses not to provde the detenton 

he sassessed a one tme fee that refects the cost the cty w pay to deveopa 
dranage system. If detenton s provded, no fee s assessed.Monthy dranage 

fee tht s assessed aganst a 
property 

n the cty onthe bass of surface area and runoff coeffcent. Efforts 
to retan runoff resut n ower monthy charges.Requres provson for retenton before grantng sewer connectonpermts to new deveopments. The maxmum 

reease rate computed by theRationa Formula wth 3 year ran and 

a coeffcient of 0.5. Storage mustbe desned for the 00 year storm.The State 
of Maryand has cassfed sedment as poutant under its aterPoution Contro 

Act and Montgomery County's program 1s an 
exampe 

of theresut. The of the on eroson contro must be met toobtan cearng 
and gradng permits n the county. Detenton ponds are partof the requrements 

for approva.Th county has a hstory of runoff contro sar to that of ntgomeryCounty Eroson and sedment contro 

has been mandated durng constructonsnce the ate 960s. Temporary detenton ponds were used at most sites andpermanent detenton must be evaluated for a ne developers,Sewer ordinance for combned sewer areas that has decreased 
runoff by asuccessfu campagn to dsconnect sewer from sewer system.n. 2.54 

cmacre x 0.405 ha63 



ode Ordinance OutineA 

mode 
ordnance has been deveoped n reference [32 The foowing outinecovers many 

of the recommended points.1 Scope the 

ordinance is referenced to exsting egisation toprevent overap or 
confct.2. Defintions 

Engineering 

terms and concepts used in the ordinanceshoud be carified.3. 
Objectives. This 

section 

is used to give directon to ordnance andto hep the citizenry and 
courts understand the purposes of the law.Severa objectives were isted 

earier.4. Regulation. Deveop 
reguations 

for and use within thecontours of the 00 year f5. and Hydrauc 
Studies. Deveopers shoud submit 

studies for a proposed project.The reports woud contan detais ofexisting 
and projected runoff voumes and rates to serve as a basis 

fordesignng 
detention faciities and measuring potentia impacts ondownstream 

systems.6. Improvements Required. Depending on the objectives of 
the 

ordinance,improvements 

may be requred to meet runoff standards. Detentionfacites coud 
be required and maimum reeae rate specified. Thsis the most 

important part of the ordnance as it is where the chosenmethodoogy is 
deveoped.SUMMARY and ow structuray intensive aternatives, termed 

bestmanagement 
practices offer 

considerabe 

promise as the first line ofaction to contro urban runoff poution. 
By treatng the probem at itssource, or through approprate egisation curtaiing 

its opportunity todeveop, mutipe benefits can be derived. These incude 
ower cost, earierresuts, and an improved and ceaner neighborhood 

envronment.The greatest difficuty faced by is that the action-impact reationshipare 
amost totay It is cear that storage, forexampe, can be 

cosey 
reated to educed downstream conduit requrements butthe net water quaity 

benefits are far ess defined cleanerstreets and neighborhoods and 
enforced egisation win eradicate grosspoution sources but to what imit shoud 

they 
be appied and who win bearthe cost? The fna answers of cost effectveness 

w not be found short oftria impementation. Key demonstration projects 
in this regard, both in theeary panning stages, are expected to be 

impemented 
in Washington (4 years), and Forida (2 years) [33The aternatves, or 

preferaby suppements to BMP, are discussed in the nextsecton.64 



SECTION 

7UNIT 

PROCESSESMany 

treatment aternatives are avaabe to planners and designers to contro pouton; 
they have been demonstrated ether on an individuabasis or as dua use 

facilities in conjunction with dry-weather treatmentfacities. The treatment 
aternatives presented in this sectioninclude storage, physica treatment, 

bologica treatment, and treatment, anddisinfection. The alternatves are 
dscussed 

on a unt process basis;however, ndivdua processes or combinations 
of processes may be impementedon various scaes to produce the required degree 

of treatment.It has been concuded that some form of storage 

or fow equaization must beconsidered n iplementing these stormwater treatment 
options to reduce insize, number, ana costs, the treatment faciities 

required [Actual operational data for most demonstration and 
prototype 

stormwaterfaciities are limite, but it is emphasized that the 
receivng 

waterconditon and/or degree of receiving water improvement be 
evauated on a cost-effectiveness approach. Modes and modeing techniques have been 

instrumentain this regard.aster panning approaches usng storm and combined 
sewer treatment 

processesare discussed in Section 8, Applications, for several case history 
sites.STORAGEBecause of the high voume and variabiity associated wth storm 

and 

combinedsewer overfows, storage is considered a necessary control aternative.Storage 
facilities are frequenty used to attenuate peak fows associated 

withthese discharges, reducing n magnitude and size of facities required 
forfurther 

treatment. Storage, however, wth the resuting sedimentation thatoccurs 
due to increased detention times, can aso be considered a treatmentprocess. 

any such faciities are designed to operate as sedimentation basnsas we 
as 

storage tanks for flows that exceed the storage capacity.Characteristics of 
sedimentaton systems are described under PhyscalTreatent 

Aternatives,Storage 
faclities may be anayzed and designed by various rationa 

methods[2] however, recent 

studies offer a cost-effectiveness approach for szingstorage faciites 
couped 

with secondary treatment for various poutantremova constrants [3, 4 This 
approach provides a first-cut methodologyfor comparing aternative costs 

at different eves of treatment fordifferent combinations of storage treatment 
processes165 



The two types of storage facities dscussed incude inine and offinestorage. 
Source pondng and rate contro were dscussed previousy in Sec¬tion 6.Inline 

StorageInine 

storage, 
the use of the unused voume in interceptors and trunk sewersto store is 

a particuary attractive option for controing urban This aternative incudes 
nstaation of effective reguators, evesensors, tide gates, rain gage networks, 

sewage and receiving water quaitymonitors, overfow detectors, and and 
then appies computeriedcoection system contro. Such systems have been deveoped 

and successfuyimpemented in Seatte, Pau, and Detroit [2, 5-7The basic 
eements of a monitoring and contro system may incude a orcombinations 

of the foowing: () remote sensors (rain gages, fow eve andseected quaity 
onitorssuch as DO, and/or probes, gate imtswitches and postion monitors); 
(2) signa transmisson (eased teephonewires, pneumatic circuits); (3) 

dispay 
and ogging (centra computer, graphicpanes, warning ights); (4) centraized 
contro capabiity (contro of systemgates and/or pumps from a centra location); 
and 5) in the case of fuyautomated contro, a computer program that makes 

decsons and executescontro options based on current monitoring data and 
memory instructions.Descriptions of reguators commonly found in combined 

sewer systems aong withinstaed constructon and annua costs are found in 

the 
iterature [2Inine Storage Effectiveness-¬Severa prototype nine storage 

faciities are currently in operaton,showing satisfactory effectiveness in 

reducing 
tota overfow voume and 

thenumber of overfow events. It has aso been shown that as operators 
becomemore famiiar with the system, the effectiveness of the system 

operationincreases.The 
Seatte computer controed nine storage system, with an 

estimatedmaxmum 
safe storage capacity of 67.5 ML (7.8 in the andinterceptors, 

has 
evolved 

through severa contro modes and is now operatingunder automatic contro. 
The increased storage effectiveness as a resut ofincreasing system control 
is shown in Figure 28 [5 The regression inesrepresent data from 762 separate 

recorded overfow event from 34 out of 514storm events during the 3-/2 
year demonstration period.The Detroit Metro ater Department sewer monitoring 

and remote controsystem with an estimated 530 ML (0 of controed inine 
storage and anadditiona 568 L (50 of uncontroed storage 

(storage that is not aresut of the contro system), operates in the supervsory 
contro mode [7The system captured a tota voume of amounting to 21 575 ML(5.7 
biion ga) durng the 18 month demonstration perod. An estimated3,2 miion kg 

(7 mion b) of BOD and 5.9 miion kg (3 mion b) ofsuspended soids were prevented 
from entering the Rouge and Detroit rivers.During the first 6 months 

of operaton, the was able to competely66 



contain an equivaent uniform depth of ranfa of 0.8 cm (0.07 in.) overDetrots 
363 km (40 mi area. Through operator experience and knowedgeof the 

interceptor 
system, this was increase to 0.36 cm (0.4 n.) durng thelast months of 

the demonstraton perod.(0 20 0 3 4TOTAL 



system operators advanced warning of approaching storms and faciities 

procedures to maximize storage capacty the system [7Increased 

density 
of rain gages, eve sensors, and overfow status monitorsare recommended 

for ncreased system sensitivity. This is especay truewhen utiiing systems 
with imited storage capacity. Standardization of datacolection, dispay and 

computer hardware and software is recommended toprevent potentia programming 
and interfacing probems and woud greatyreduce costs [5-7Inine storage 

systems are aso 

appicabe 
for use during dry weather. Systemmonitoring has enabed the to suspend 

pumping at the treatmentplant for perods of up to hours to perform 
maintenance 

and modifcationswithout causing combined sewer overfows. In addition, 
monitoring has enabled to hod back fow from portions of the system to aow for 

sewerinspection and maintenance [7Recent iterature has deveoped 
criteria, rationae, and guideines 

forpanners, managers, and designers concernng impementation of automation 
andcontro facilities for combined sewer systems [8-0Operationa Probems-¬Operationa 

probems associated with inine storage contro 

systems incudecomputer 

programmng and hardware desgn, and contro equipmentimpementation.To deveop 
a functona computer contro system, the foowing sequence ofsystem 

design has 

been demonstrated to prevent and redesgn ofthe system [5. Preparation of 
overa system design2. Preparation of system programs3. Preparation of 

appications 
programsA 

system of debugging foreground programs 

on-ine shoud aso be provided.When 

system probems are encountered the 

foowing sequence of sources havebeen recomended: Program bugs2. Inadequate 
hardware documentation3. Hardware mafunction4. Hardware design deficienciesEectrcal 

noise 
has 

been the cause 

of many probems encountered n 

computermontoring 
and contro 

systems wth teemetry or data 

transmission [5, 768 



This causes a oss of accuracy the data requirements needed for 

systemcontroRequirements 

for dependabe service from contro system equipment is paramountto 
efficient operaton. Studies in Detroit show that although hydrauicoperated 

reguators may be more maintenance free and faster acting, they maynot provide 
the degree of safety to warrant their use. Hydrauic operatorsmay tend 

to 
drift from their set position causng unwanted overfows, and aredifficut to 

operate manuay in case of faiure. Eectricay operated gatesonce postioned wi 
not 

and can be manuay overridden during powerfailure [7Costs of Inine 
Storage 

Systems-¬Costs 
associated with inine 

storage 
systems are summarized in Tabe 70.Costs incude reguator stations, 

central monitoring and contro systems, andmisceaneous hardware.TBLE 70. SUMMARY 

OF INLINE STORAGE 

COSTSLocatonStorage 
Dranage Storage Cost per 

Annua 
operationcapacty, area, Capta cost, acre, and mantenance 

acres cost, $/ga $/acre /yrSeatte, ashnton[2, 
5]Contro andmontorng 

systemAutomatedreguator 

statons3 
500 

0003 
900 000320 
7 400 000 0.4273 
000219 

200Mnnesota [2, 

6]Detrot, 
Pau, 

[7]40648900060032000800000000.0247 



Types of Offine 
Storage-¬Offine 

storage faciities have been designed for fow containment to reducen 
magnitude the peak fow entering downstream dry- or wet-weather treatmentfaciities, 

and for treatment by detention and sedimentation of before dscharge 
to 

receving waters. Simplified schematcs of theseoperations are shown 

in Figures 29 and 30. Offine storage facities usedfor sedimentation are 
discussed under Physica Treatment 

Aternatives.COMBINEDSEERRECEVINWATERREULATOR 



constructed in high density areas, greater than 25 persons per hectare 
(0persons per acre because of and costs and and avaiabty [2, 3Storage 

System 
Characteristics-¬Basic 

appurtenances 
common to storage faciities ncude fow dversion orreguation 

structures, coarse screening, storage overfow structures, and by pumping or 
gravity. In additon, storage/detention faciiteswhch provide primary treatment 

may ncude a or combinations of thefolowing:• Fine screening of the 
infuent• 

Disnfection 
systems• Fine screenng 

or other treatment of 

the effent• Sudge/solids coection and 
removaSudge/solids 

coection and removal is perhaps 

one of the most importantoperations in the storage operation, as nadequate 
remova can generatevoatie gas and cause mechanca mafunctions and odors. 

Typica coectionequipment incudes traveling bridge sudge scrapers and 
hydrauic 

dredges[2, , 2] mechanica mixers, re ration pumps, and compressed air 
forsoids and remova [3-5 automatic and manua fushing [16,7 and use of 

street sweepers in ned basins [8 Use of automatic andmechanzed methods of soids 
remova as shown to be more effective thanmanua operations [2Design 

Criteria-¬Storage facities have been designed using concepts based on 
duration-frequency analysis f local 

rainfa events [2 

Storage seection andszing shoud aso incorporate receiving water condtions 
as part of thedesign criteria. Evauation of the percent reduction of 

pollutants requiredto obtain the most cost-effective desgn must also be 
compatible with waterquaity goas.Studies for Milwaukee have developed process 

curves for detention tanks,evauating polutant reduction and voumetrc 
efficiency for 

severa tankvoues. Suspended soids and BOO retention and percent of storm 
voumeretained for both wet and dry year rainfas are shown n Figure 3 [3The 

study aso showed a decreasing efficiency per unit voume as tank increases 
as shown in Figure 32.Offine Storage Effectveness and Appications-¬Offne 
storage facities have demonstrated ther effectiveness ncontrolng 

storm 
and combned sewer overfows. 

Many 
reiona pans incudestorage or combnations of 

storage aternatives as an ntegra part of theovera contro process.7sze 
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• Maxmm year return period overfow rate 5740 (3 Mga1/)• Estimated 

average overfow duration 7 • Estimated 

maximum overfow duration 20 h• Chorine contact 

time at design fow 7.3 Projected polutant 

removal 
and operationa performance of the Charles Riverfacity are presented in 

Tabe 72 [19 Overal removas expected are:BOD, 61%; suspended soids, 51; 
and solids, 6.TABLE 72. PROJECTED PERFORMANCE OF CHARLES 

RIVERMARGINAL CONDUIT STATION [9]Fows to statonReducton, 
———————————————— 

Detenton 

Suspended 
tme mm BOD 

so so ds3 04 05.05.47.525.537 550 





Costs of Offine Storage 
Facities-¬Updated 

costs of storage faciities and operation and mantenance costs arepresented 
in Tabe 

73.Construction 

cost curves for concrete and earthen storage reservoirs have beendeveoped 
and are shown in Figure 34 [27 Earthen reservoir costs incudeearthwork, 

iner, pavng, seedng, fencng, misceaneous items andcontingenc at 5%. 
Costs for concrete tanks incude concrete and forms,stee, abor, misceaneous 

items, and contingency.PHYSICAL TREATMENT 

ALTERNATIVESPhysca 
treatment 

aternatves 

are prmary apped for suspended sodsreova from and are of particuar 
mportance to storm andcombined sewer overfow treatment for remova of and 

suspendedsoids and matera. Physica treatment systems have demonstratedcapabity 
to hande high and varabe infuent concentratons and and operate 

independenty 
of other treatment faciities, wth the exception oftreatent and disposa 

of the sudge/soids generated from these facites.The principa disadvantage 
reates to those periods of time when equipmentsits ide during periods of dry 

weather. hen impemented on a dua use basisas either or effuent poishing 
of conventiona sanitary sewagetreatment plant fows, reduced capita investments 

may be reaized bycontinuous utiization of the physica treatment system's 
capacity.Physica treatment processes that have been demonstrated on 

either a piot orprototype scae incude: edimentation and chemica 

carfication; 
soidsconcentration and fow reguation (swir concentrator/fow reguator) 

screening; dssoved air fotation; high rate ftration; and a reativey 
newprocess magnetic separation [2, 28 Many prototype eve instaationsempoy 
combinations of the above unit processes to form integrated treatmentsystems, 

or use physica treatment prcesses in conjuncton with bioogicaand disinfection 
to produce desired water quaity goas and poutantremovas.Process descriptions 

and instalations, process performance comparisons, andoperationa 
evauations 

of the treatment technoogies using recent and pastdata from new 
and 

previous 
demonstration projects fo the base for thisreport on the state-of-the-art 

update. Design manuas, procedures, andcriteria deveoped in the iterature 
wi be used and demonstrated in theiustrative probem sets [2, 29-32Chemica 

treatment operations are include under physica treatment becausephysica 
treatment is an integra part of the overal process. Evauation 

ofchemica 
additives such as which enhance 

physica removasare aso addressed.79 



LocatonTABLE 

73. SUMMARY OF OFFLINE STORAGE Storage 

ranage Storage Cost per Annua operatoncapacity, 
area Capita cost, cost, acre, and antenance acres $ $/ga 

$/acre cost, $/yr 2Mwaukee,sconsn 
[3] 

AvenueBoston,assachusettsCottage 

FrmDetenton 
andStaton 

[7]Chares Rverargna 

CondutProject 
[9]New York 

Ct,New York 
[22, 23, 

25Sprng 
CreekAuxar 

WaterPoutonContro 
Pant1.18.53.9 
570455 

700 0.4 2 420 771 000 
0.45 3 10 

3 5 600 6 495 
000 5.00 

462 3 000 9 

488 

000 
7.9 

3 60a 

ER 2000. Estimated 

vaues, factes under 

desgn and constructon. 
Estmated 

ara. 47 - 0.264 

$/L 

785 2 
90051 0080 00097 600StoraeSewer25 Fas,sconsn [8StorageTreatmentChcago, 

Iinos[2, 
1, 

26Tunnes and 
pumpngReservorsTotal 
storageTreatent4 Oho 

[6Washnton, 

[2. 





Significant sedimentation demonstration and prototype projects are summarzedin 
Tabe 

74.TABLE 

74. SUMMARY OF TYPICAL SEDIMENTATION 
FACILITIESProect 

ocatonTpe ofsedmentation factyMaximumVoume 

of 
desgnsedimentaton 

Perod oftank, operation Oho 
[2]Tube setters n 0.and void 

space storagebasin49974 to presentBoston, 
MassachusettsCottage Farm Detentonand 

Staton 

[7]Chares 

Rver MargnaCondut 
Project[9, 20]Coumbus. 
Ohio [2, 12] 

StreetDaas, 

Texas [33] Pantiwaukee, 
Wsconsn Avenue 
[3]New 

York City, New 
YorkSprng 

Creek [2, 

22.25] Michigan 
[34] 

Street StreetCovered 

concrete tanks 
.3Covered 

concrete tanks 

.2Open concrete tanks 

3.75Open concrete tanks 

and .2tube settlers 
wth wastelime 

and poymer 

additonCovered 

concrete tank 

3.9Covered concrete tanks 

2.4Concrete tanks 

3.9Covered 

concrete tanks 3.5233 
97 to present323 Under 

designand construction403 

932 to present;modfied 

in 

96628 971 to present246 

969 

to present2900 

972 to presentIn desgn323 

nder constructon,903 

competea. Treatment of combned 

sewer overfows except 
Dalas facity 

which treats 

excessve 

santaryfows 

caused 

by inftration. 

3785 
Mga/d 

43.808 Swir and 

Concentrator/Reguators—Sods 
concentrator/reguators achieve both quantity and quaity contro of aden with 

suspended materia. The two prncipa 
types ofcontro 

devices deveoped 
incude 

the swir and the heica 
bendconcentrator/reguators 

[2, 29, 30 The principa mechanism for dynamicsoid/iquid separation 
s secondary fud motion attained through ong pathgeometric fow patterns 

[2982 



Heica bend concentrator/reguators have been modeed and design critera 
andcomparative 

cost evauations have been deveoped [30 Athough nodemonstration 
projects have been impemented in the Unted States, heicabends appear 

more practica as inine devices rather than as sateite oroffine devices. 
Swir 

concentrators have been modeed and, in severa cases,demonstrated for various 
processes incuding treatment and fow reguation,grit remova, primary 

treatment 
and erosion contro.• Swir concentrator/fow 

reguator—In 
this appication the swir sused to repace conventiona reguators 

whie simutaneousytreating combined by swir action. During 
dry weather,sanitary fows are diverted through a channe in the 

chamber foorinto a bottom orifice and dscharged to the intercepting 
sewer.Pumping of the dry-weather fow may be required by 

imitinghydrauic gradients [35• Swr terThe swir princpe has been 

appied to gritremova for 

pror to other treatment processes and as a for the underfow 
from a swir concentrator/reguator[36-38 Swir degri usualy have a 

conica 
shaped hopperbeow the circuar swir chamber where the soids 

accumuate beforebeing discharged.• Swr prmary separatorThe swir 
primary separator unit waseveoped to reove a greater fraction of 

the suspended sods 

thanthe swrl concentrator/reguator does. The configuration of 
theswir chamber deveoped was a conica shaped device with a 

depthapproximatey 
equa to the diameter [36, 39 The reativey highoverfow 

rates (approximately twice that of conventionalsedimentation) 
used in the swir design at various eves ofsuspended soids remova 
may resut in less costy constructionand require ess space 

than conventiona sedimentation basins.• Erosion controA 
modification of the swir using a conventonacatte watering tank is 

being investigated for a portabe erosioncontro device [40 
Erosion 

and construction site coud be rapidy treated before discharge 
to the receivingwater or retention ponds.Swrl concentrator and 

heica bend mode studies and demonstration projectsare summarized 
in Tabe 75 and typica swir instaations are shown inFigure 

35.Screening 
AternativesScreens 

have been used to achieve various eves of suspended solids removalcontingent 
with three modes of screening process appications.• Main treatment 

- 
screening 

is used as the primary 

treatment process• Pretreatment - screening is used to remove suspended 
and coarsesoids prior to further treatment to enhance the 

treatment 

processor to protect downstream equipment83 


